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Abstract 
We report an effect of rotation speed (:) on the degrees of orientation of three different crystallographic axes for 
Y2Ba4Cu7Oy powders oriented under modulated rotation magnetic fields (MRFs) of 10 T. The degrees of inplane and 
c-axis orientations below 4° were achieved for the MRFs with :  10 rpm in 10 T. The hard magnetic axis, the b-axis, 
of Y247 was highly oriented even for the lowest rotation speed, := 1 rpm, within the present study. However, the 
degrees of orientations of the first and secondary easy axes, were drastically reduced for : < 10 rpm. The present 
study revealed that, under the MRF of 10 T, the decrease in : induced the following of the first easy axis 
synchronized with by the rotation of magnetic fields, and gives us important information for the fabrication of tri-
axially oriented RE-based cuprate superconductors by the magneto-scientific process using MRF. 
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1. Introduction 
Rare-earth (RE)-based cuprate superconductors exhibit high critical temperatures (Tcs) above liquid nitrogen 
temperature, and are candidates for practical applications such as superconducting bulk magnets and cables which are 
operated at 77 K. However, the RE-based cuprates possess an anisotropic crystal structure consisting of two-
dimensional superconducting CuO2 planes and one-dimensional blocking chain layers, which are alternately stacked 
parallel to the c-axis direction. This leads to anisotropic critical current densities (Jcs), J//ab > J//c [1]. Moreover, the 
increase in misorientation angle at a boundary of bi-crystal induced serious reduction of intergrain Jc [2, 3] even for c-
oriented materials. Therefore, for the improvement of Jc in RE-based cuprates, the formation of a bi- or a tri-axial 
grain-oriented microstructure is indispensible. In addition to epitaxial growth techniques, tri-axial magnetic orientation 
using a modulated rotation magnetic field at room temperature has been recently reported [4]. Another advantageous 
point in this magneto-scientific process is a room temperature process, leading to high potential as a production 
 
* Corresponding author: Tel: +81-887-57-1050 (ex3214) ; fax: +81-887-57-2520 . 
E-mail address: 156009v@gs.kochi-tech.ac.jp . 
Available online at www.sciencedirect.com
2 lished by Elsevier B.V. l ction and/or peer-review under responsibil ty of IS  Program Com ittee
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 M. Yamaki et al. /  Physics Procedia  27 ( 2012 )  136 – 139 137
process of high performance superconducting materials. In practice, as a proof of principle, our group has reported tri-
axial orientation of Y2Ba4Cu7Oy (Y247) powders in epoxy resin under a modulated rotating magnetic field (MRF) of 
12 T [5, 6]. In the case of a practical RE-based cuprate YBa2Cu3Oy, with twin micro structure [7], the twin probably 
leads to serious reduction of in-plane magnetic anisotropy of its grains. On the other hand, Y247 grains do not contain 
the twin microstructure due to possession of double Cu-O chain without oxygen nonstoichiometry in its crystal 
structure, and tri-axial magnetic anisotropy is preserved in the grain level. In order to apply this magneto-scientific 
process to the fabrication of highly oriented materials, optimization of magnetic orientation conditions, such as 
strength of magnetic field, rotating speed (:) and resting time (t1), is required. That is, understanding of magnetic field 
conditions for achievement of the tri-axial orientation by MRF is important. In the present study, we focused on the 
rotation speed as a parameter of MRF, and changes in the degrees of orientation of the three crystallographic axes in 
twin-free Y247 were clarified as a function of a rotation rate of the MRF of 10T.  
 
2. Experimental details 
Polycrystalline Y247 was synthesized by solid state reaction using a moderately high oxygen pressure. Details of 
the synthesis were described in our previous work [6, 8]. Y247 polycrystals, which were synthesised in a quartz 
ampoule under an oxygen pressure of ~ 7 atm at 980 °C, were pulverized into powders with average size of ~ 4 ȝm in 
diameter and mixed with epoxy resin at a weight ratio of Y247 : resin = 1 : 10. The Y247 powder samples in epoxy 
resin were cured at room temperature for more than 12 h in 10 T of MRFs with various :values from 1 to 120 rpm. 
As schematically shown in Fig. 1a, the specimens were horizontally rotated at two different steps in a static magnetic 
field (Ha) of ȝ0Ha = 10 T applied along the transverse direction. At angles of 0° and 180°, the Y247 powder sample 
was rested for t1 = 2 s, whereas the rotation process with : was applied at other angle regions. Here, the original angle 
of the sample, 0°, was defined with regard to a direction normal to the D plane of the sample, which was parallel to the 
transverse Ha direction. X-ray diffraction (XRD) measurements using Cu-KĮ were performed at the Į, ȕ and J planes. 
In principle, orientations of the first easy and hard axes emerge as the rest and rotation effects in MRF, respectively. 
Therefore, the first easy, secondary easy and hard axes for magnetization can be determined from the XRD patterns at 
the Į, ȕ and Ȗ planes, respectively. 
 
 
(a)                                                                                        (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Experimental configuration in a modulated rotation magnetic field. (b) Powder XRD pattern for Y247. 
 
 
3. Results and Discussion 
 
Fig. 1b shows a powder XRD pattern of Y247. Almost all the diffraction peaks were identified as the 247 phase, 
and Y247 has been synthesized successfully by solid state reaction under the moderately high oxygen pressure in the 
quartz ampoule. Using thus obtained Y247 powders, powder samples oriented under the MRFs of 10T with various : 
values were fabricated. Figs. 2a and 2b show XRD patterns at the Į, ȕ and Ȗ planes for the Y247 powder samples 
oriented under the 10 T of MRFs with := 1 and 10 rpm, respectively.  
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Fig. 2. (a) XRD patterns at Į, ȕ and Ȗ planes for the Y247 powder samples oriented in the 10 T of MRFs  
with (a) := 1 rpm and (b) : = 10 rpm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Changes in 'Z at (0026), (200) and (020) peaks as a function of : for  
the magnetically oriented powder samples of Y247. 
 
When one focuses on the result for : = 1 rpm in Fig. 2a, the (h00), (00l) and (10l) peaks were mainly observed at 
both of the Į and E planes, and, however, the magnitude relationship of intensities between the (0026) and (200) peaks 
is opposite. This suggests that the c-, and a- axes tend to be aligned normal to the D and E planes, respectively. On the 
other hand, only (0k0) peaks were clearly enhanced at the J plane, and the b-axis was found to be oriented completely 
normal to the J plane as the rotation effect. In the case of : = 10 rpm, as shown in Fig. 2b, only the (00l), (h00) and 
(0k0) peaks were clearly enhanced at the D, E and J planes, respectively, and this is quite different from the result for 
:= 1 rpm. From Fig. 2b, the relationship of the magnetization axes was determined to be Fc > Fa > Fb for Y247, 
which is consistent with the result in the previous study [8].  
From these two results in Fig. 2, it was roughly found that the decrease in : largely affected the degrees of 
orientation of the first easy and secondary easy axes, whereas the degrees of orientation of the hard axis were 
insensitive to the change in :. In order to clarify the changes in the degrees of orientation of the c-, a-, and b-axes as a 
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function of :, x-ray rocking curve (XRC) measurements of the (0026), (200) and (020) peaks were performed at the D, 
E, and J planes for the Y247 powder samples oriented in the 10 T of MRFs with various : values, respectively.  
Incidentally, XRCs of the (200) and (020) peaks were obtained for the tilt of the sample to the b-axis, and a-axis 
directions, respectively.  
The : dependences of full widths at half maximum ('Z) determined from these XRC data of the (200), (020) and 
(0026) peaks in the magnetically oriented Y247 samples were plotted in Fig. 3. The 'Z values of the (020) peaks at 
the J plane decreased slightly with the increase in :and showed high degrees of the b-axis orientation with 'Z< 5°, 
whereas those of the (0026) peaks at the D plane obviously increased with : for : < 10 rpm. In the present magnetic 
field conditions (P0Ha = 10 T, t1 = 2 s) and the average particle size of the Y247 powders, the lowest : value required 
for the achievement of high degrees of the tri-axial orientation was determined to be approximately 10 rpm.  
Another striking feature in Fig. 3 is that a behaviour of the 'Z values of the (200) peaks at the E plane is similar to 
the change in 'Z for the (0026) peaks rather than that for the (020) peaks. This strongly indicates that reduction of the 
effect of the static field due to the resting process in MRF was induced by the decrease in : for : < 10 rpm. That is, 
the first easy axis for magnetization, the c-axis, tends to follow the movement of the rotating field in the : range 
below 10 rpm, leading to the simultaneous decrease in the degrees of the a-axis and c-axis orientations at the E and D 
planes, respectively.  
To apply the tri-axial orientation by MRF to the fabrication of tri-axially oriented ceramics using a colloidal process, 
one should take viscosities of dispersed media of slurry into account. Generally, values of their viscosities used in the 
colloidal process, such as alcohol and water, are extremely smaller than that of epoxy resin, and this leads to the 
increase in the lowest : value for achievement of the tri-axial orientation with the high degrees of orientation. That is, 
higher rotation speed as a condition of MRF is necessary for the fabrication of tri-axial oriented ceramics on the basis 
of the colloidal process, and further researches on behaviours of the tri-axial orientation of Y247 particles in colloidal 
solution as a function of viscosity are required.  
 
 
4. Conclusion 
 
We investigated the : dependences of the degrees of the a-, b- and c-axis orientations for the Y247 powder samples 
oriented under the 10 T of MRFs with various : values in epoxy resin at room temperature. High degrees of the tri-
axial orientation with 'Z < 4° were achieved for :  10 rpm under the MRF condition with P0Ha=10 T and t1=2 s. 
However, the degrees of tri-axial orientation were drastically reduced for : < 10 rpm, which is due to the reduction of 
the degrees of the first easy axis (the c-axis), rather than the hard axis (the b-axis). Our findings obtained in the present 
study give us important information for the fabrication of quasi-single-crystalline bulks of the RE-based cuprates by 
the magneto-scientific process. 
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